been reported by many workers since the earlier researches in ninety-twenties (Uhlenhuth and Schwartzbach, 1926, 1928; Loeb and Bassett, 1929; Aron, 1929) 
MATERIAL AND METHODS
Male and female adult rats of the Wistar strain weighing approximately 170 gm. were used. They were fed on a commercial laboratory chow (ORIENTAL & Co.) in a daily dose of 20gm. and given appropriate amount of drinking water. During 16 hours before sacrifice they were not given the diet except the water.
In I 131 uptake experiment the rats of 6 groups each consisting of 5 animals as shown in Table1 were employed.One mg. of TSH dissolved in isotonic saline was administered subcutaneously in a single dose 4, 8, 18 and 24 hours prior to sacrifice. TSH*, which was kindly supplied through the courtesy of the Armour Laboratories, Chicago, U. S. A.(Lot# 317-147), was stated to have an activity of 0.8 USP unit per milligram.All the animals were intraperitoneally injected with 3,2_uc.of carrier-free I 131 in 0.2 cc. of isotonic saline 2hours prior to sacrifice. Immediately after decapitation blood was collected in a centrifuge tube, which was stood in a refrigerator to separate the serum. Thyroid and adrenal glands were removed and weighed on a torsion balance.Aliquot of thyroid and 0.1 cc. of blood serum were desiccated on sample dishes and beta ray in the samples was counted with Geiger-Muller counter.The uptake rate of I 131 was shown by percentage of CPM in sample to that of I 131 administered. The uptake rate of I 131 in thyroid was recorded as that in the total gland and that in blood serum as that in 0.1 cc.of it.The results represent the average for each group of amimals. The"p"values reported in table was calculated after Fisher(1941 
RESULTS
Uptake rate of I 131 by the thyroid and the serum in all 6 groups are shown in Table 1 .Significant increase of the uptake rate of I 131 by the thyroid is noticeable at the end of 4 hours after the injection of TSH.Seeming increase lasts thereafter till the end of 18 hours,but it should be mentioned that the mean values at 8 and 18 hours,when examined statistically,do not differ significantly from those in the controls.No difference is the case with the value at the end of 24 hours in both the experimental and the control groups of animals.Thus the uptake seems to reach the maximum within 4 hours after the injection of a single dose of TSH,and then tends to decrease gradually and returns to normal value towards 24 hours after the injection.Meanwhile,the uptake rate of I 131 by the serum seems to decrease in 4 hours after the injection of TSH and to increase at 8,18 or 24 hours after the injection.However,when considered statistically, 
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TSH administered groups:
The macroscopical findings are nearly the same as in the control group, and there is no significant difference in weight between the groups. Microscopic (a) One and half hours after injection:No remarkable change in the form and size of the follicles.Their cells stain dark with Azan stain, and large and small secretory granules with the same stainability as the colloid appear in the area extending from above the nuclei to the apical surface of respective cells (Fig. 1) . Besides these are seen granules which stain greyish black with iron hematoxylin, AND SAITO No. 1 Fig. 1 : 11/2 hours after injection of 1 mg. of TSH. P, protruded cytoplasm; SSV, small secretory vacuole; LSG, large secretory granule; SG, secretory granule; M, mitochondria; N, nucleus.
and light blue with Azan stain. The latter are a little larger than the former, and in most cases located near the apical border. They are regarded to be secretory granules, grown and swollen, and with decreased stainability. Mitochonria are mostly granular, though some rod-and thread-shaped ones mixed; they are increased in number and are in seemingly random arrangement.
Mitotic figures are seen scatteredly.
Four hours after injection: Cells are rather higher and contain numerous vacuoles.
In some cells, these so-called secretory vacuoles are found together with secretory granules; in some, they are increased in number though relatively small in size, making cells clear; in some, they are fused into larger ones, occupying the greater part of cells (Figs. 2 and 5 A); and in others, cell membrane bulges into the lumen due to the growth of large vacuoles, sometimes protruded like a tongue, exhibiting a typical picture of the so-called apocrine secretion (Fig.  5 B) . Nuclei are exceedingly shifted toward the base in many cases. It appears that the changes described above are more conspicuous in the central part than in the peripheral.
In the stroma there is hyperemia in rich capillary blood vessels and colloid infiltration into connective tissue, but aggregation of lymphocytes and proliferation of elastic fibers are not visible. cases. Outward proliferation of follicular epithelium is seen at several sites of the gland with the formation of nodule aggregates of the cells surrounding colloid, which are considered to be in the process of formation of new follicles. (e) Twenty four hours after injection: Findings are nearly the same as those in the 18-hour sample, only further increase of height of the follicular cells being especially noticeable (Figs. 4 and 5 D). Fat droplets in the epithelium which are found in control materials are not visible in any of the TSH administered cases.
DISCUSSION
It has been generally recognized with various kinds of animals that the radioactive iodine uptake by the thyroid increases after TSH administration. Wolff(1951) reported that I131 release from the rat thyroid was increased by TSH administration. Ghosh et al.(1951) remarked that hypophysectomy in the rat markedly reduced the capacity of the thyroid to trap I131 and PBI131 and that TSH restored them to the normal. Halmi (1953) stated that the decreased rate of thyroid I131 per serum I131 caused by hypophysectomy was restored by TSH administration. Keating et al.(1945) gave TSH to chicks at 24-hour intervals and examined the change in I131 uptake rate of the thyroid with the result that at 24 hours after TSH administration there was no change, but from 48 hours the rate increased gradually. This was ascribed to the release and decrease of iodine storage in the thyroid in response to TSH administration. Botkin & Jensen (1952) preliminarily gave P131 to rat, and then TSH at various time intervals to examine the change in P131 amount (24 hours value) in both the blood and the thyroid, and noted the decrease with hour, which was interpreted by him as being due to increased peripheral utilization of thyroxine. In this way, some reported the increase of I131 in the thyroid as the result of TSH administration, and others, the decrease, with different interpretations in respective cases. What are the causes of the disagreements ? It is assumed that I131 injected into the animal is taken up by the thyroid to be used for hormone synthesis, and to be released from it. Accordingly, I131 uptake by thyroid at a certain time interval after its administration can show only one section from these three successive processes, which varies with time in phenomenon as well as in significance. Also it should be different according to whether TSH administration is performed before or after I131 injection. Usually, I131 uptake rate is measured in terms of 24 hours value (value obtained at 24 hours after the injection), but the earlier value seems more rational to show the uptake. For this reason 2 hours values were obtained in the present experiments. These showed significant increase 4 hours after TSH administration as compared with the controls, decreasing gradually with time, and becoming nearly the same as the controls at the end of 24 hours. This seems to suggest that TSH administration has its effect on the thyroid in earlier times but not so much at 24 hours, an interesting result when compared with the aforementioned report by Keating et al.(1945) on the chick. They state that there is no change in I131 uptake rate at 24 hours after TSH administration, but that it increases gradually after 48 hours. If they had made measurements within 24 hours they would have obtained the results in the same line with those of ours.In the present experiment serum I131 was measured as a whole,being undivided into PM131 and inorganic I131.We (1955) have ascertained that 2 hours after the I131 administration to normal rat,approximately 90% of serum I131 is inorganic iodine. Takaori(1955) also reported that after 2 hours 90% is inorganic,but that after 24 hours organic iodine is predominating.Accordingly,most of serum I131 measured in the present experiments is assumed to be inorganic.And that I131 uptake rate by thyroid is significantly increased at 4 hours after TSH administration while serum I131 is rather decreased (both in comparison with the control) seems to suggest that I131 accumulation by the thyroid is active in this period. And that the former is decreased at 8,18 and 24 hours in contrast to the reversed tendency (increase) in the latter indicates apparently that the trapping capacity of I131 by the thyroid decreases with the lapse of time.However,it is not sure since serum I131 was measured as a whole,being undivided into PBI131 and inorganic I131.This is supported also by the morphological changes associated with the fate of I131 uptake by the thyroid.To summarize,the most activated picture is visible at 4 hours after TSH administration.
Bensley (1916), Takagi (1922) , Thomas (1934) and De Robertis (1941) attached much importance to the role of mitochondria for secretory process.Selye (1949) noted the change of mitochondria and Golgi apparatus but was against the view that they are directly related to secretory function.Severinghause (1933) stated that mitochondria undergo change when colloid is reabsorbed.We consider the participation of mitochondria in the secretory function to be highly possible, since we observed,at 1.5 hours after TSH administration the increase of mitochondria, many of which were granular in form,some being thickened and transforming to smaller secretory granules.Further,we noted secretory granules near the apical surface of follicular cells,on which reported also Popoff1943), De Robertis (1941), Ponse (1951) and Braunsteiner et al.(1953) .
But their interpretations are different from each other.Those who take the reabsorption theory interpret these granules to be the colloid once discharged into the lumen and reabsorbed into follicular cells,whereas those who assume the view of one-way secretion do not regard these as reabsorbed ones.We consider these secretory granules to have grown from the above mentioned small ones,and to present one stage in the secretory process.Four hours after TSH administration,we observed vacuoles of various sizes in addition to secretory granules chiefly above the nuclei,which are considered to have been formed through liquefaction of secretory granules. Rather larger granules which stain light blue with Azan stain,and greyish black with iron hematoxylin are considered,from their sites,decreased stainability ,and enlarged sizes to be secretory granules,in the course of transformation into vacuoles through liquefaction.Also Eggert (1935) demonstrated zone of blue staining granules above the nuclei,and Kano (1952) Further we obtained findings which suggest that some of follicular cells are destroyed and their principle appear in colloid in minute granular form. However we can not find such description in the literature except that by Braunsteiner et al.(1953) who injected 10 JS units of TSH into guinea pigs and observed similar finding-regressive change according to his view. These changes were not observed in any of the control, but were visible in abundance in the group examined at 4 hours after the TSH administration when secretory function was presumably most activated. Consequently they are regarded to be holocrine secretion which is elicited by acute stimulation. In this way, when we observe the secretory process in relation to time-response, it is found most complicated and activated at 4 hours after TSH administration and then it gradually declines until it comes to a standstill.
Thus, there is an apparent parallelism between results obtained in the I131 uptake experiment and those just referred to. 
SUMMARY
Using the intact male and female adult rats of the Wistar strain, effect of thyrotropin upon the uptake of I131 by the thyroid gland was investigated with special reference to the morphological changes of the thyroid in parallel to timeresponse.
The uptake reached its maximum at the end of 4 hours after injection 
